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Detection of a Nucleic Acid Sequence or a Change Therein* 

• . . .;. ; v . ■ 

Technical n*^ 

This Invention relates to a method for detecting a specific 
polynucleotide sequence 1n a material, a method'for detecting at lea sit two 
different specific polynucleotide sequences In material -having a plurality 
of different polynucleotide sequences, methods for detecting whether a 
specific nucleotide or base Is at a particular position in a spec%1c 
polynucleotide sequence, methods for detecting whether the same or 
different specific nucleotides or bases are at particular positions 1n at 
least two different specific polynucleotide sequences in materViV having a 
plurality of different polynucleotide sequences a screening mentor 
detecting the presence of at least two different specific polynucleotide 
sequences 1n material having a plurality of different polynucleotide*" ' 
sequences and screening methods for detecting whether the samV ^different 
specific nucleotides or bases are at particular positions: in* at Wast two 
different specific polynucleotide sequences In material ha vWl plurality 
of different polynucleotide sequences. 

BackorminH Art ••■ 
At present, the most common technique for* the detection oW : 
polynucleotide sequences is hybridisation using oligonucleotide or 
polynucleotide probes. For this technique, the target nucleic acl^ iV 
usually bound, irreversibly, to a solid support such as cellulose or nylon. 
The labelled probe Is then added in solution under hybridising conditions 
and ..if there is sequence homology between the probe and the target nucleic 
add, the probe will form a hybrid molecule with the target Wi^ucleotide. 
This hybrid can be detected in a variety of ways such as by rad&labeWng 
or biotm labelling. The disadvantages of this technique are/firstly 
that It requires considerable operator expertise/secondly, the technique 
is lengthy and time-consuming and thirdly, cannot be easily automated. 
Often the entire procedure can take more than 48 hours. 

The liquid-solid methods normally employed for detecting specific 
nucleic acids in samples include Southern blot, Northern blot an^ dot blot 
hybridisations. These methods are slow, inefficient, tecfinically demanding 
and are not easily automated. The Southern and Northern blot protocols 
have the further disadvantage of inefficient transfer of nuclelc'acid from 
gel to paper. Other groups have used liquid-solid hybridisations in which 
a capture probe is bound to a solid support and the DNA sequence of : 
interest in the sample becomes bound to the capture probe. An example of 
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this 1s 1n Australian Patent specification no. AU-701 52/87 which describes 
using at least two oligonucleotide probes, which are complementary to 
mutually exclusive regions of the same target nucleic acid In a liquid 
hybridisation format to anneal the probes to the target, 1f it 1s present, 
and detecting the presence of the target by immobilisation of the two-probe 
target sandwich by one of the probes and subsequent detection of the other 
probe. However, this method requires a second, detector probe to hybridise" 
to the DNA sequence of Interest. This step reduces the specificity of the 
assay and subsequently increases background. The present Invention 
overcomes this problem by Involving only one probe which acts both as , 
capture probe and as detector probe. 

In contrast to liquid -solid hybridisation, liquid-liquid 
hybridisation has very rapid kinetics and Improved sensitivity due to 
greater access of the probe to the target sequence- For example, 
Gene-Probe Inc uses a liquid hybridisation hydroxapati te method to detect 
DNA sequences. The main disadvantage of this system is that it relies on 
adsorptive. discrimination of double-stranded DNA from single-stranded DNA 
sequences rather than sequence-specific separation of hybrid from excess 
probe. The present Invention overcomes these disadvantages by allowing the 
nucleic acid hybridisations to occur In solution followed by the removal of 
the "hybrid" molecules onto a solid support matrix. Another potential 
advantage of liquid hybridisation is that a generalised solid support can 
work for a multitude of targets if the support - binding probes are 
labelled with the same capture molecule. 

Several cases exist (Australian Patent specification nos. 
AU-A-701 52/87, AU-A-26755/88, AU-A-531 05/86, AU-B-89575/82 and 
AU-A-80097/87) which use a combination of two oligonucleotide probes to 
detect specific nucleic add sequences In a sample. All these require the 
use of two short sequences of DNA on the target. These sequences must both 
be conserved in all possible target, must be mutually exclusive and 
non-overlapp1ng and must have a similar G+C ratio to enable both probes to 
hybridise to their complementary sequence under the same conditions. 

There 1s related background art concerning the use of a capture probe 
to detect the nucleic add sequence of Interest and to remove it from 
solution by binding the hybrid to a solid support matrix (Australian Patent 
specification nos. AU-A-701 52/87, AU-A-531 05/86, AU-A-21 781/88, 
AU-A-69724/87, AU-A-1 4005/88). However, these techniques use separate 
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capture and detector probes, resulting In a number of disadvantages as 
detailed above. The present Invention overcomes these problems by using a 
single capture /detector probe system. ' ^ V 

There are many examples available of attaching non-radioactrVe 
reporter molecules to DNA, to enable the detection of specific ' -fcrftjfe 
However, when biotln 1s incorporated Into the DNA molecule for detection 
even though several blottn molecules may be Incorporated ^target - 
molecule (thereby Increasing the sensitivity of detection) 1*e me^tsm of 
visualising the Incorporated biotln is complex and time consuml^ " 
By contrast, the Incorporation of other non-rad1oact1V& reporter 
molecules (such as fluorescent, luminescent, cheml luminescent Mlecules) 
enables rapid and simple detection of the target sequence, flower W 
present art only enables a single reporter module to be atta^d'^each 
target sequence. This fact reduces the overall- serislttvfty ^f thecal 
assay. The present Invention overcomes both these problems at ^ one time 
by using a chemi luminescent detection system for simple, raW diction 
and also by Incorporating several detector molecules Into eabh target 
thereby significantly Increasing assay sensitivity- 

There 1s, therefore, a demand for a simple method whlW%t1ii$ ?s t he 
rapid kinetics of liquid hybridisation. Which only requires. a sin^e probe 
for analysis, and which results In stable hybrids thereby ailing the 
unhybridlsed material to be easily removed from the sequence? to bV<- 
detected. Accordingly, the present Invention provides a li^fti 
hybridisation system 1n which a single probe hybridises to ^ sequence of 
interest and 1s then covalently extended to produce a stable %brfd This 
hybrid is then captured on to a support matrix and" subsequently ^hed to 
removed unhybridlsed material. The system described by the present 
invention Is simple, rapid, sensitive, can be read vkually or o^> a simple 
plate reader, and may be readily automated. fc: v 

In this area of nucleic acid hybridisation there 1s a heed' to detect 
two broad types of diseases: Infectious and genetic. Ift\re1a1*lbf ^ to ' 
infectious diseases, a number of DNA based systems have beer/Wlc^ to 
detect diseases caused by bacteria such as Salmonella. Nelssaf l4,%rasU1c 
organisms such as Chlamydia and Rickettsiae, viruses such as f^f^ B 
and protozoa such as Plasmodium. However. alY of these suffer o^W more 
of the disadvantages listed above. /^N 

In relation to genetic diseases which are characterised bi a mutation 
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(deletion, Insertion, point mutation or trans 1 beat ton) , the technology is 
less well developed- These types of diseases are currently diagnosed 
either by using restriction fragment length polymorphism (RFLP) analysis or 
by precise hybridisation of short oligonucleotide probes. RFLP detection 
requires that a restriction enzyme site is altered by the mutation and this 
is not always the case. In addition, RFLP analysis requires the use of 
Southern blot hybridisation for detection. The use of short oligonucleotide 
probes to detect pot nt mutations also has several serious disadvantages. 
In particular, the hybridisation conditions must be precise to ensure that 
a single base-pair mismatch does not result in hybridisation. In practice, 
salt concentration and temperature determi ne the specif 1 city of the 
hybridisation conditions and these are not easily controlled to the 
required preciseness. The present Invention overcomes the need for 
Southern hybridisation analysis and for precise control of hybridisation 
conditions. It achieves this by the specific primer probe hybridising to a 
constant section of the gene adjacent to the mutation and allowing the 
enzyme, a DNA polymerase, to extend the DNA chain up to and including the 
nucleotide or base mutation. By manipulation of the dldeoxynucledtide 
added to the polymerase reaction all of the possible nucleotide changes can 
be detected. 

Detection of both Infectious and genetic diseases requires the 
incorporation of some type of labelled molecule into the system. Various 
radioactive isotopes or radioactivity labelled compounds may be used as 
labels. However, radioactive labels have several disadvantages, Including; 
(1) hazardous, (11) expensive, (111) limited shelf life, (IV.) require 
expensive equipment for measuring the signal generated. More recently, a 
range of non-radioactive substances have been used to detect DNA 
molecules. Examples of non-radioactive labels are fluorescent, 
luminescent, chemi luminescent, enzymatic or Immunological compounds. 
Labels based on the affinity of biotin and avidin or streptavidin, 
lanthanide chelates, lectins and proteins may also be used. The preferred 
detection means would be by spectroscopy or photochemistry or by the 
formation of a detectable complex between the label moiety and the 
polypeptide, lectin, or antibody linked to an entity capable of generating 
a detectable change, Including enzymes such as; alkaline phosphatase or 
horseradish peroxidase. 

However, what Is lacking in the current technology is a single system 
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whlch encompasses: (1) a rapid means of detecting a polynucleotide 
sequence. <11> which Is sufficient!, sensitive to detect low numbers of the 
target sequence in the sample and (111) which Is non-radioactive At 
present, no single system satisfies all these requirements * 

As a final aspect, the need to detect specific polynucleotide 
sequences In a sample requires the organisation of all steps either- m 

i s 'JT "IV™^ ° r <11> 1nt ° - a ^mated device^ Whe^s 5 h, 
bo e Ut0mated , maCh1nes - are mailable for detecting proteins by W* 
antibodl s, no systems are yet available which simply, rapidly and 
inexpensively detect specific polynucleotide sequences In a sample. 

Objects Of InVPntlnn 

sno r " H *° ° bjept of th1s invention to provide a method for detecting a 
specific polynucleotide sequence 1n a material . feting a 

Another object Is to provide a method for detecting at least two 
different specific polynucleotide sequences In material having a^l "nty 
of different polynucleotide sequences. Plurality 

^A further object is to provide methods, for detecting whether a 
peclflc nucleotide or base is at a particular position In a af c 
polynucleotide sequence. ipeciric 

Vet another object Is to provide methods for detecting whether the 

' ** ^ d1fferent S P«'«' Polynucleotide sequences In material 

having a plurality of different polynucleotide sequences 

* fUrther oMect 1 5 to P™«* a screen! ng method for detecting the 
« f *"* *? .W** peclflc polynucleotide seque c fi 
-aterlal having a plurality of different polynucleotide sequences 

the same 0 or he d r ,ff b3eCt t ,S tmmU * meth ^ ^ detecting whether 

the same or different specific nucleotides or bases are at particular 

po 1t ons 1n at least two different specific polynucleotide sequences m 

«ter,a, having a plural ,ty of different polynucleotide sequence!: - 

Disclosure of Tnv Pn ti m 

S pcc.f,cat^ , rI" 9 , a r eV,atl ° nS def,nU,0ns throughout the 

speciri cation and claims: 

SP ' Spec1f1c pr1mer: a nucleotide sequence complementary, to a 

portion of the target sequence 
Target _ the nucleotide sequence to be detected In the sample; can 

be derived from, for example, any Infectious or parasitic 
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organlsm Including any virus, fungus, bacteria, 
mycoplasma, nematode, protozoan etc 

any DNA dependent DNA polymerase or RNA dependent DNA 
polymerase 

all four deoxyri bonuc 1 eot ides that is dATP, dCTP, dGTP and 
dTTP as well as dITP and dUTP 

all four d i deoxy r i bonuc 1 eot i de s that is ddATP, ddCTP, 
ddGTP and ddTTP as well as ddlTP 

detector molecule: a molecule which can be covalently ' 
attached to a nucleotide or nucleotide sequence and that 
can be subsequently assayed for either directly or 
indirectly. For example, biotin; radioisotopes of carbon, 
hydrogen, iodine, phosphorus and sulphur; any antigen; 
haptens; fluorescent molecules including fluorescein, 
rhodamine and eosin; enzymes including alkaline 
phosphates , peroxidases and lucif erase; any monoclonal 
antibody . 

a detector molecule covalently bound to one of the four 
deoxy r 1 bonuc 1 eot i de s 

capture molecule: a molecule which can be covalently 
attached to a nucleotide or nucleotide sequence and that 
will subsequently bind to a specific affinity molecule. 
For example, biotin (binds with avidin or streptavidin); 
antibody (binds with antigen); antigen (binds with 
antibody) 

specific affinity molecule: a molecule that will bind 
specifically with a particular capture molecule. For 
example, avidin or streptavidin; an antibody; an antigen 
solid support: any solid matrix to which the SAM is 
attached. For example, agarose; polyacryl amide; magnetic 
beads; polystyrene; microti tre plates; nylon; 
nitrocellulose 

addition and removal of a solution for the purpose of 
removing unreacted molecules 

conditions of salt and temperature which affect the 
stability of the hydrogen bonds between two nucleic acid 
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molecules. For example, the hydrogen bonds are ife>st ; 
unstable at high stringency reflecting either *rl|h ^ 
temperature or low salt or both. - 

- any procedure that 1s specific for detect!^ the detector 
molecule and that can be measured ei ther qualitatively or 
quantitatively 

- any one of the four deoxyrlbonucleotldes ^ - 

- any one of the four ribonucleotides or ? 
deoxyrlbonucleotldes; In the example Y will form hydrogen 
bonds with X, 1e, a nucleotide sequence of nirita. f* s will 
be complementary to a nucledtlde sequence of 9 X'.s 

- any one of the four nucleotides forming a sequence ri^t 
complementary to the sequence; ' r 

■ dl deoxythyml dl ne-5 • -trl phosp/hate : *tfT hai Wen usedtks 
example as It base pairs wl th A 1 n the target ^t^erfee . 
If the base to be detected was- C then ddS woofd $e used, G 
with ddC and T with ddA. r -.> U 

dl deoxythyml dl ne-5 » -trl phosphate/capture mdrecjile compl ex : 
ddT has been used as example as it base pal ^s with A in 
the target sequence. If the base to be^de-tcctltf*ias : C 
then ddG would be used, G with ddC antf T with ItfA. The . 
capture molecule is covalently attached to anq;., " 
represents any one of the capture molecule* bed 
above. . . V." . . 

means that there are no nucleotides or bases be/t#een a 
primer bound to part of a specific polynutfWt1i& sequence 
and a sped f 1 c nuc 1 eotl de or base to be -detected 
means at least a Portion of a^mixtu;re 1 re ; sulting;-fro^v the 
reaction of an oligonucleotide prlmerCs?. extending 
reagents, specific polynucleotide sequence^, /detectable 
element(s) and/or separation elements 

means at least one nucleotide or base between r^nier 
bound to part of a specific poiynucleotide seqde^e and a 
specific nucleotide or base to be detected V ■ - 
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oligonucleotide 

primer - a single stranded nucleic acid molecule with a typical 

length of 5 to 60 nucleotides but can be 200 or more 
nucleotides which has a sequence complementary to part of 
the polynucleotide sequence to be detected 

specific 
polynucleotide 

sequence - a partly or completely known sequence of nucleotides 
hybridisation - the physical association of the oligonucleotide primer 

with the complementary region of the target polynucleotide 
sequence to form a double stranded hybrid nucleic acid 
molecule 

An interfering detectable and/or separation element Is, for Instance, 
one which is the same as that which Is incorporated at the position 
complementary to the specific nucleotide or base to be detected, eg: 

(A) Consider a single nucleotide or base to be detected in a 
specific polynucleotide sequence S 1 • Assume there is a bound 
oligonucleotide primer P| having a sequence complementary to part 
of S 1 and which is bound to Assume there are intervening 
nucleotides N A , N B and N c between P 1 and N-j . Extend P ] 

up to and including N 1 with complementary nucleotides to N A , 
N B , N c and N T , namely, N Q , Np N p and N 2 -S 1 <sj 
corresponding to a separation element) respectively; then the 
following conditions are required: 

N A N B or N C cannot be N 1 

(B) Consider two nucleotides or bases N 1 and N' 2 to be detected in two 
different specific polynucleotide sequences S 1 and S 2 - Assume 
there are two different oligonucleotide primers P 1 and P 2 (bound 
to S<| and S2 respectively) having sequence complementary to part 
of Sj and S 2 - 

Assume there are Intervening nucleotides N A , N g and N c between 
P 1 and and intervening nucleotides N x , N y and N z between P 2 
and N 2 . Extend (a) P^ up to and Including H| with complementary 
nucleotides to N^, Ng, N £ and , namely, N D , N £ , N f and 
Ng-D^ (0 1 corresponding to a detectable element) respectively; and 
(b) P 2 up to and Including N 2 with complementary nucleotides to N x , 
N y , N z and N 2 , namely, N Q , N p , Nq and N 4 -D 2 (D 2 
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corresponding to another detectable element); 
then the following conditions are required: 
If N l " N 2 and D i * D 2 



then N A ) 



N C > cannot be N, 

N x ) 

N y ) 

N 2 '">' 



If N 1 does not equal N 2 D-D 
then N. ) 1 2 



A 

N B > 



N C J cannot be N ] or N 



N x > 
N y ) 
N z ) 



'2, 



If N l d0es not e " ual N 2 D, does not equal D, 

N A " ■' > .. 

N B > cannot be N, 



'T 



N X > 

N y ) cannot be N 
N 2 ) 



'2 



me ,H H A "° r ' 1ng t0 a f1rst ^odtment of this Invent^ there' Is provided a 
method for detecting a specific polynucleotide sequence In a material 
comprising: ■ 

a) exposing said material to an oligonucleotide primer having sequence 
complementary to part of said specific polynucleotide sequ*r?ce 
wherein said primer binds to part of said polynucleotide sfc^ce 
when present In said material; 

b) 6Xtend1ng pr1mer bound t0 t«e polynucleotide sequence wherein apy 
extended primer Includes a detectable element and/or awpaVati, 



c) 



element; \,VT ^ 

separating any extended primer Into a fraction wherein saitJ fracti 
does not have detectable element not Included in said extend ■ 



on 
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prlmer; and 

d) determining whether any extended primer 1s present in said fraction 
by assaying said fraction for said extended primer wherein the 
presence of said extended primer 1s Indicative of the presence of the 
specific polynucleotide sequence in said material and the absence of 
said extended primer in said fraction is indicative of the absence of 
the specific polynucleotide sequence 1n said material. 
According to a second embodiment of this invention there Is provided 

a method for detecting at least two different specific polynucleotide 

sequences in material having a plurality of different polynucleotide 

sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present in said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide prlmer(s); 

b) extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer includes a detectable element and /or a separation element; 

c> separating any extended primers Into at least one fraction wherein 
said fractions) does not have detectable element not Included in 
said extended primer(s); and 

d) determining whether any extended primers are present in said 

fraction(s) by assaying said fractlon(s) for at least one of said 
extended primers wherein the presence of said extended primer (s) is 
indicative of the presence of at least one of the different specific 
polynucleotide sequences in said material and the absence of said 
extended primer(s) in said fractionCs) is indicative of the absence 
of at least one different specific polynucleotide sequence in said 
material. 

According to a third embodiment of this invention there is provided a 
method for detecting whether a specific nucleotide or base is at a 
particular position In a specific polynucleotide sequence in material 
comprising: 
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a) exposing said material to an oligonucleotide primer haVl«g a sequence 
complementary to part of the specific polynucleotide se^ence wherein 
said primer binds to part of said specific polynucleotide sequence in 
said material Immediately adjacent to the particular position- 

b) extending primer bound to the specific polynucleotl^s^cbi with • 
the proviso that the bound primer 1s only extended w to <and 7 _ - 

including said specific nucleotide or base when sa^^e^lc - 
nucleotide or base 1s at the particular position 1n the specific 
polynucleotide sequence wherein the extended primer has a detectable 
element and/or a separation element at a position compYehfentary to 
said specific nucleotide or base; , ..... • * 

c) separating any extended primer into a" fraction wherelh said fraction 
does not have detectable element not -intVuded in^said ex^ntfed 
primer; and ^ ; ' 

d) determining whether any extended primer is present In 4a fraction 
by assaying said fraction for said extended primer where 1& the 
presence of said extended primer Indicates that the specific 
nucleotide or base is at the particular position in the specific 
polynucleotide sequence and the absence of said extend primer 
indicates that the specific nucleotide or, base is not : at the ^ 
particular position In the specific polynucleotide sequence- " 

a A «f d1 "9 to a fourth embodiment of this Invention thfe fa provided 
a method for detecting whether the same or different specif ^eot^es 
or bases are at particular positions in at least two different ^clflc 
polynucleotide sequences 1n material having a plurality of different 
polynucleotide sequences comprising: .; < 

a> eX P° Sln9 Sa,d mater,al t0 * least two different oTig^tsotlde 
primers each of said different oligonucleotide pr1merKaVi*g £ 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said -primers Binfis to its 
complementary polynucleotide sequence when present in* said material 
each of said oligonucleotide primers binding to part of a* otff *>ent 
specific polynucleotide sequence to that of the other |r imer<s> J and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence In said material Immediately atf^ent to the 
particular position; . , \, ? 



b) 



extending said different oligonucleotide primers boUrjd-to^ their 
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complementary polynucleotide sequences with the proviso that each of 
the bound primers 1s only extended up to and Including the particular 
position when said specific nucleotide or base is at the particular 
position in the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base; : 

c) separating any extended primer(s) which has extended only up to a 
specific nucleotide or base at a particular position into at least 
one fraction wherein said fraction does not have detectable element 
not included in said extended primer; and 5 

d) determining whether at least one extended primer U present in said 
fractlon(s) by assaying said fractlon(s) for said extended primerCs) 
wherein the presence of an extended primer indicates that a specific 
nucleotide or base is at a particular position in a specific 
polynucleotide sequence and the absence of said extended primerCs) in 
a fractlonCs) indicates that at least one specific nucleotide or base 
is not at a particular position in at least one different specific 
polynucleotide sequence. 

According to a fifth embodiment of this Invention there is provided a 
method for detecting whether a specific nucleotide or base is at a 
particular position in a specific polynucleotide sequence in material 
comprising: 

a) exposing said material to an oligonucleotide primer having a sequence 
complementary to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide sequence in 
said material not immediately adjacent to the particular position 
whereby there is an intervening sequence between the particular 
position and primer bound to the specific polynucleotide sequence; 

b) extending bound primer with the proviso that the bound primer is only 
extended up to and including said specific nucleotide or base when 
said specific nucleotide or base is at the particular position in the 
specific polynucleotide sequence wherein the extended primer has a 
detectable element and/or a separation element at a position 
complementary to said specific nucleotide or base with the proviso 
that the intervening sequence cannot be one where bases or 
nucleotides complementary to the intervening sequence and which are 
Incorporated into the extended primer cause Incorporation of an 



WO 90/09455 



: -13- ' , 

Interfering detectable and/or separation element; 

c) "Paratlng any extended primer which has extended only up toV 
specific nucleotide or base at a particular position ^9 a fraction 
wherein said fraction does not have detectable element nit included 
in said extended primer; and 

d) determining whether any extended primer is present 1n said fraction 
by assaying said fraction for said extended primer wherein the - 
presence of said extended primer Indicates that the 4pectf 1c 
nucleotide or base Is at the particular position in the •Specific 
polynucleotide sequence and the absence of said extefl^d primer 
Indicates that the specific nucleotide or base Is not-at th* ' 
particular position 1n the specific polynucleotide se^ettce 

■ According to a sixth embodiment of this invention there fs provided a 
method for detecting whether the same or different specif 1c nucleotides or 
bases are at particular positions in at least different specific 
polynucleotide sequences 1n material having a plurality of id if&ent; 
polynucleotide sequences comprising: * ! * 

a> exposing said material to at least two different oligonucTeotlde 
primers each of said different oligonucleotide primers havlrig a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers bintfs to its 
complementary polynucleotide sequence not immediately ^feacgntto the 
particular position whereby there is an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present in said material each of said 
oligonucleotide primers binding to part of a different stifle 
polynucleotide sequence to that of the other primer Cs>; : ji 
extending said different oligonucleotide primers bound *tl their 
complementary polynucleotide sequences wherein each of the- bourtd 
primers 1s only extended up to and Including the parti cuW portion 
when said specific nucleotide or base is at the parttcuVaV position 
In the specific nucleotide sequence wherein each of said tended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or bas£ with the 
proviso that the intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences antt*h1ch are 
Incorporated into the extended primer(s) cause 1 ncorporat&fen of 



b) 



WO 90/09455 PCT/AU90/00058 

-14- ' 

Interfering detectable arid/or separation el ement(s) ; 

c) separating any extended primer which has extended only up to a 

specific nucleotide or base at a particular position into at least 
one fraction wherein said fraction(s) does not have detectable 
element not Included In said extended primers; and 

d> determining whether any extended primers are present in said 

fractions > by assaying said fractionCs) for said extended prlmerCs) - 
wherein the presence of an extended prlmer(s) indicates that at least 
one specific nucleotide or base 1s at a particular position in a 
specific polynucleotide sequence and the absence of said extended 
primer(s) in a fraction indicates that at least one specific 
nucleotide or base 1s not at a particular position in at least one 
different specific polynucleotide sequence. 

According to a seventh embodiment of this Invention there 1s provided 
a kit for detecting a specific polynucleotide sequence in a material 
comprising: 

a) an oligonucleotide primer having a sequence complementary to part of 
said specific polynucleotide sequence; 

b) polymerase enzyme for extended the oligonucleotide primer; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP , dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddlTP and ddTTP; 

■ and 

d) a detectable element and/or separation element which Is optionally 
attached to the oligonucleotide primer or one or more of the 
nucleotides. 

According to an eighth embodiment of this Invention there is provided 
a kit for detecting at least two different specific polynucleotide 
sequences in a material having a plurality of different polynucleotide 
sequences comprising: 

a) at least two different oligonucleotide primers each of said primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences; 

b) a polymerase enzyme(s) for extended the different oligonucleotide 
primers; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddlTP and ddTTP; 
and 
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a detectable element and/or separation element which is optional ly 
attached to the oligonucleotide primers or one or more of: 'the 
nucleotides. :'. 

According to a ninth embodiment of this invention. there 1? provided a 
kit for detecting whether a specific nucleotide or base 1s a^^aft1c4ilar 
position m a specific polynucleotide sequence 1n a material xomprlsing- 

a) an oligonucleotide primer having a sequence elementary do part of 
the specific polynucleotide sequence wherein sa1<t primer kinds 'So 
part of said specific polynucleotide sequence iimnB^^y^dlacent to 
the particular position; .. • ,' & ' 

b) a polymerase enzyme for extended the oligonucleotide: prl^f ' 
O one nucleotide selected from the group consisting, of dA#^TP 

dGTP ;. dTTP, dUTP, dITP. ddlTP, ddATP. ddCTP, ddGTP a^d^b> ^with the 
proviso that said nucleotide 1s selected whereby bounV^feier is bnly 
extended up to and including said specific, nucleotide 
said specific nucleotide or base is at the particular &Mn the 
specific polynucleotide sequence; and . jL: 

d> a detectable element and/or separation element, whereby extended 
primer has a detectable element and/or a separationv element at a 
position complementary to said specific nuc ) eotlde onfeas^ind a 
detectable and/or separation element optionally attached to the' 
oligonucleotide primer. 

According to a tenth embodiment of this invention there t/provUd a 
Mt for detecting whether the same or different specific nucleotides or 
bases are at particular positions In at least two different specific 
polynucleotide sequences In material having a plurality of different 
polynucleotide sequences comprising: . ; 

a) at least two different oligonucleotide primers each of saii primers 
having a sequence complementary to part of one of said ^peelflc 
polynucleotide sequences wherein each of said prtmfrs. blmcte. to Its 
complementary polynucleotide sequence when present in sai#,material 
each of said oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to that of the. other primer(s> and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence In said material immediately adjacent to the 
particular position; , . . ; , ..; 

b> a polymerase enzymeCs) for extending the different olig^leotide 
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primers; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP , dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP 
with the proviso that said nucleotide is selected whereby bound 
primer is only extended up to and including said specific nucleotide 
or base when said specific nucleotide or base is at the particular 
position In the specific polynucleotide sequence; and 

d) at least one detectable element and/or separation element whereby 
each extended primer has a detectable element and/or a separation 
element at a position complementary to said specific nucleotide or , 
base and. a detectable and /of separation element optionally attached 
to the oligonucleotide primer. 

According to an eleventh embodiment of this invention there Is 
provided a kit for detecting whether a specific nucleotide or base is at a 
particular position in a specific polynucleotide sequence in a material 
comprising: 

a) an oligonucleotide primer having a sequence complementary to part of 
the specific polynucleotide sequence wherein said primer binds to 
part of said specific polynucleotide sequence not Immediately 
adjacent to the particular position whereby there is an intervening 
sequence between the particular position and primer bound to the 
specific polynucleotide sequence; 

b) a polymerase enzyme for extended the oligonucleotide primer; 

c) one nucleotide selected from the group consisting of dATP, dCTP, 
dGTP, dTTP, dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP with the 
provision that said nucleotide is selected whereby bound primer Is 
only extended up to and Including said specific nucleotide or base 
when said specific nucleotide or base is at the particular position 
in the specific polynucleotide sequence with the proviso that the 
intervening sequence cannot be one where bases or nucleotides 
complementary to the Intervening sequence and which are incorporated 
into the extended primer cause incorporation of an interfering 
detectable and/or separation element; and 

d) a detectable element and/or separation element whereby extended 
primer has a detectable element and /or a separation element at a 
position complementary to said specific nucleotide or base and a 
detectable and/of separation element optionally attached to the 
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oligonucleotide primer. 

According to a twelfth embodiment of this invention there j s provided 
a kit for detecting whether the same or different specific nucleotides or 
bases are at particular positions in at least two different spettfic 
polynucleotide sequences in material having a plurality of different' 
polynucleotide sequences comprising: 

a> at least two different oligonucleotide primers each- of ,ald. primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers, birufe to its 
complementary polynucleotide sequence when present in said material 
each of said oligonucleotide primers binding to part of a, different 
specific polynucleotide sequence to that of the other pri^eKs) and 
wherein each of said primers binds to Its complementary s'pecific 
polynucleotide sequence in said material he* immediately ^cJht to 
the particular position whereby there 1s an intervening sequence 
between the particular position and primer bound to the specific 
polynucleotide sequence; 



b) 
c) 



a polymerase enzymeCs) for extending the different oligonucleotide 

primers; i 

at least one nucleotide selected from the group consisting of dATP 
dCTP, dGTPf dTTP, dUTP, dltP. ddlTP, ddATP. ddCTP, ddGTP M ddTTp' 
with the proviso that said nucleotide 1s selected whereby %ound 
primer 1s only extended up to and including said specific ti^lebtide 
or base when said specific nucleotide or base 1s at the^aVticular 
position in the specific polynucleotide sequence with the^ proviso 
that the intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences and which are 
ncorporated Into the extended primer(s) cause incorporation of an 
interfering detectable and/or separation elemdntCs); and 
d> at least one detectable element and/or separate element thereby 
each extended primer has a detectable element and/or a separation 
element at a position complementary to said specific nucleotide- or 
base and a detectable and/or separation element optionally attached 
to the oligonucleotide primer. 

According to a thirteenth embodiment of this invention there is 
provided an apparatus for performing the method of any one of the ■ " 
embodiments of the invention comprising: t ■ ' '■■ 
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a reactor; 

means for adding oligonucleotide primer and reagents for extending 
said primer to said reactor, said means for adding being operatlvely 
associated with the reactor ; 

means for separating extended primer Into at least one fractlon(s) 
and for holding said fract1on(s) f said means for separating being 
operatlvely associated with the reactor; and 

a detector for detecting the presence of any extended pr1mer(s) In 
said fractlon(s), said detector being operatlvely associated with 
said means for separating. 

According to a fourteenth embodiment of this invention there is 
provided a screening method for detecting the presence of at least two 
different spec if 1 c pblynucl eotl de sequences in material having a plural ity 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present in said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide primer(s); 

b) extending said different ol 1 gonucl eot1 de primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer Includes a detectable element and/or a separation element; 

c) separating any extended primers into a fraction wherein said fraction 
does not have detectable element not included in said extended 
primer(s) ; and 

d) determining whether any extended primers are present in said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of any one of said extended primers is Indicative of the 
present of at least one of the different specific polynucleotide 
sequences in said material and the absence of all of said extended 
primer(s) in said fraction is indicative of the absence of all of the 
different specific polynucleotide sequences in said material- 
According to a fifteenth embodiment of this Invention there is 

provided a screening method for detecting whether the same or different 
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speclflc nucleotides or bases are at particular positions th- <rt least two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences comprising: : : 

a) exposing said material to at least two different ol1somi(^eqt1de 
primers each of said different oligonucleotide primers Wvlrtg a; 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers to -fts - 
complementary polynucleotide sequence when present ih^SW material 
each of said oligonucleotide primers binding to part^^^lfferent 
specific polynucleotide sequence to that of the other flirts) and 
wherein each of said primers binds to Its complementary specific ' 
polynucleotide sequence in said material immediately ad$*£e&f to the 
particular position; • ? ■ ' 

b) extending said different oligonucleotide ^ primers b^urid W their 
complementary polynucleotide sequence* w1 th ffte provi soHRat each of 
the bound primers 1s only extended up' to and Including ^particular 
position when said specific nucleotide of base is at ;the ^rtl^lar 
position in the specific nucleotide sequence wherein ^ach^of said 
extended primers has a detectable element arid/6r a sep^tlon element 
at a position complementary to said specific riucfeotidi £f base; 

O separating any extended pHmerCs) which has extended only^p tqa 

specific nucleotide or base at a particular position Vilto'a fraction 
wherein said fraction does not have detectable elemerif'riof included 
in said extended primer; and : ; i 

d> determining whether at least one extended prijner 1s pre^rtt in 'said 
fraction by assaying said fraction for aU said etUhm primers 
wherein the present of an extended primer^ ndicates thai! at least one 
specific nucleotide or base 1s at a particular poslt^ft in a specific 
polynucleotide sequence and the absence of all said extended primers 
in said fraction indicates that at least one specific ^ucj e^i de or 
base is not at a particular position in-any of the different specific 
polynucleotide sequences. r 
According to a sixteenth embodiment of this invention there' Is' 
provided a screening method for detecting whether the same or different 
specific nucleotides or bases are at particular positions in at feast two 
different specific polynucleotide sequences in material Having i plurality 
of different polynucleotide sequences comprising: ;V ' >^ 
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a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not immediately adjacent to the 
particular position whereby there 1s an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present in said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of the other primerCs) ; 

b) extending said different oligonucleotide primers bound to their 
complementary polynucleotide sequences wherein each of the bound 
primers is only extended up to and including the particular position 
when said specific nucleotide or base is at the particular position 
In the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and /or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the Intervening sequences cannot be ones where bases or 
nucleotides complementary to the intervening sequences and which are 
Incorporated into the extended primerCs) cause incorporation of 
interfering detectable and /or separation elementCs); 

c) separating any extended primer which has extended only up to a 
specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not included 
In said extended primers; and 

d) determining whether any extended primers are present in said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of an extended primer indicates that at least one 
specific nucleotide or base is at a particular position in a specific 
polynucleotide sequence and the absence of any extended primer 
Indicates that a specific nucleotide or base is not at a particular 
position 1n any of the different specific polynucleotide sequences. 
Generally the method for the detection of a nucleotide sequence or 

nucleotide change In a nucleotide sequence uses: 

a nucleic add primer specific to part of a partly or wholly known 
nucleotide sequence to be detected or specific to part of a partly or 
wholly known nucleotide sequence which 1s immediately adjacent to the 
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nucleotide or base change to be detected or specific to part of a 
partly or wholly known nucleotide sequence which Is not immediately 
adjacent to the nucleotide or base change to be detected but has an 
intervening sequence between the bound primer and the nucleotide or 
base change to be detected • 
extension of the primer catalysed by a nucleic" acid polymerase, enzyme 
either (1 ) the attachment of a capture molecule at the 5» end of the 
specific primer, addition of the target sequence under hybridisation 
conditions and the incorporation of a detector mdlecule<s) in the 
enzyme catalysed extended primer or (11) the attachment of a detector 
molecule at the 5' end of the specific primer, addition of the target 
sequence, under hybridisation conditions and the incorporatipn of a 
capture molecule(s) In the enzyme catalysed extended primer 
, capture of the extended primer using a specific affinity molecule 
attached to a solid support <■. 

• assay for the detector molecule 

Advantageously, for the first, second, seventh and eighth-embodiments 
extending the primer comprises using at least one nucleotide selected from 
the group consisting of dATP, dCTP, dGTP, dTTP, duTP, dITP., ddATP j ddCTP 
ddGTP, ddlTP and ddTTP. Typically two to four different nucleotides, and 
especially four different nucleotides are used. • — >. ' 

Generally, for the third, fifth, ninth and eleventh embodiments 
extending the primer comprises using one nucleotide selected from the group 
consisting of dATP. dCTP. dGTP. dTTP, dUTP, dITP, ddATP. ddCTP.^GTP 
ddlTP and ddTTP. Typi cal ly one nucl eot1 de selected from the group 
consisting of ddATP. ddCTP, ddGTP, ddlTP and ddTTP is used. 

Typically, for the fourth, sixth, tenth and twelfth embodiments 
extending the primer comprises using at least one nucleotide' seTeiterf rom 
the group consisting of dATP, dCTP, dGTP , dTTP. dUTP, dITP, ddATP, ddCTP 
ddGTP, ddlTP and ddTTP. Generally at least one nucleotide selected from* 
the group consisting of ddATP, ddCTP. ddGTP, ddlTP and ddTTP Is us'Sd. 

In addition to a nucleotide(s) also typically used In extending the 
primer are at least one appropriate polymerase enzyme and appropriate 
buffering agent. " - • • 

Examples of polymerase enzymes are E.coli DNA poiymeras e E col i DNA 
polymerase (Klenow fragment). Bacteriophage T7 DNA polymerase * 
Bacteriophage T4 DNA polymerase, Taq DNA polymerase and AMV Reverse 
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transcriptase* 

Buffering agents which buffer aqueous solutions between pH 6 - 8.5 
are generally suitable for use With a polymerase enzyme to extend the 
primer; Generally a magnesium salt (eg MgCl 2 or MgS0 4 > Is included 
with the buffering agent- A total salt concentration between 50 and 300 mM 
1 s generally acceptabl e . 

Temperature of the extending reaction is chosen according to the 
polymerase enzyme used and 1s typically in the range 2 5-80° C, more 
typically 30-70° C. 

It 1s preferred that at least one of the nucleotides has the ', 
detectable element. 

Alternatively, or 1n addition, the detectable element is linked to 
the oligonucleotide primer. 

Typical ly, the detectable element is a radioactive label selected 

~ w . . . ^ 3„ 125 T 131 T 14 r 35 c 32 D 

from the group consisting of H, I, I* C, S and P. 

The detectable element may be hon- radioactive and generally Is 
selected from the group consisting of an enzymatic group, an immunological 
group, and a spectroscoplcal ly detectable group. The spec tros cop 1 call y 
detectable group may be a luminescent group , a chemi luminescent group, an 
NMR detectable group, a fluorescent group or an 1R detectable group. 

Advantageously, the extended primer includes a separation element 
which facilitates the separation of the extended primer into the first 
fraction. 

Generally, the specific polynucleotide sequence is a DNA sequence or 
an RNA sequence. 

The specific polynucleotide sequence may be from an infectious or 
disease causing organism which may be live or non-viable viral , bacterial , 
fungal or Protozoan. 

The extending may Include: 

adding a plurality of nucleotide types to said primer bound to the 
polynucleotide sequence to extend said primer; or 

adding a single nucleotide type to said primer bound to the 
polynucleotide sequence to extend said primer (third, fifth, ninth and 
eleventh embodiments); or 

adding at least one single nucleotide type to said primer bound to 
the polynucleotide sequence to extend said primer. 

In one particular method of the invention the exposure and primer 
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extension steps occur before the separation step. ,. 

In one form of this Invention, the separation element 1s linked to 
the oligonucleotide primer. Alternatively, the extended prlmfer] Incudes a 
separation element which facilitates separation of extended primer from the 
mixture Into the first fraction and wherein at least one of SAtJfe. . 
nucleotides his the separation element. . ^7 

In one form of the Invention, the separation step compflsesf ' - 
contacting any extended primer with a molecule having affinity for 
the separation element, the molecule being linked to a support ^ 
facilitates the separating; and separating the cbntacted extended pr i<ner(s> 
to provide the fraction. ' ' 

Advantageously, the separation element and the molecule axe selected 
from the group listed immediately below: /Jf & ; ; \i : 

Separation El Pmppt 

(a) a ligand for which 
there Is a 
receptor; 

(b) a receptor; 

(c) an antigen; 
<d> an antibody for 
an antigen; 
<e> an ant 1 idiotypic 

antibody; 
<f> an antibody for an 
anti idiotypic antibody; 
(g> a hapten 1c group; 
<h> an antibody for 
a haptenlc group; 
(1:> an enzyme; 
(j) a binding 
inhibitor for an enzyme; 



Molecule Having Affinity for ^n a r, t ^ P J n ^ t 
a receptor for the ligand; ^ - : 



the ligand for the receptor; 
an antibody for the antigen; 
the antigen; 



an ant 1 body for the antHd 1 otypt c s 
antibody; ; * :* , 

an anti idiotypic antibody for ttte^t- 
antibody; — y ^ :v 

an antibody for the v hapten te group; \ 
the haptenlc group; *^ i 

a binding Inhibitor for the enzynte^ 
the enzyme. " ; 



Typically, the separation element and the molecule are selected from 
the group listed below: v 
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Molecule Having Affin ity for Separation Element 
a specific receptor for the 11 gand; 



the 11 gand for the specific receptor; 
a specific antibody for the antigen; 
the antigen; 

an antibody specific for the anti Idiotypic 
antibody; 

an anti idiotypic antibody specific for the 
antibody; 

a specific antibody for the haptenic group; 
the hapten Vc group; 

a tight binding Inhibitor for the enzyme; and 
the enzyme. 



Separation Element 

(a) a 11 gand for which 
there Is a specific 
receptor; 

(b) a specific receptor; 

(c) an antigen; 

(d) a specific antibody for 
an antigen; 
<e> an anti Idiotypic 

antibody; 

(f) an antibody for an 
anti idiotypic antibody; 

(g) a haptenic group; 

(h) a specific antibody for 
a haptenic group; 
(1) an enzyme; 
(j) a tight binding 
Inhibitor for an enzyme; 

Typical examples of ligands for which there are available receptors 

are: 

a vitamin such as blotin, a sugar molecule such as glucose or 
mannose, a hormone such as adrenalin or cortisone and a steroid such 
as progesterone or testosterone. There are numerous types of ligands 
which have available receptors and the preceding 11st is given by way 
of exemplification only. 

The separation typically includes a solid support which Is typically 
selected from the group consisting of latex, magnetic beads, 
nitrocellulose, agarose, cellulose, polyacryl amide, nylon, glass and 
polystyrene. 

Advantages 

JL General Advantage? 

A particular advantage of the method of the invention is that the 
system combines separation and detection elements on the one 
oligonucleotide after primer extension. Most other systems require the use 
of a capture probe and a detector probe. 

A further advantage is that the system depends on the enzyme driven 
extension of the primer to Incorporate a separation or detection element or 
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. events (depending on configuration) and the the element or ele'ments a re 
therefore „va.e„t ly attached to the specific prlmeK Because a* th f 
cova.ent attachment, washing steps can be performed at very 1 
which results In reduced background and Increased speclf^tv ' 

aut™^ 

sl.p.eMt'rrr ° f ,nVent ' 0n ^ be -corporatedltoa- 

p a , tl G ^ ral,y ,n th <»ethod of the invention the detectable hybrid 1 S 

,t£ reared for processing, ^l^l^ 
detectable element whereby any unincorporated detectable eleW^L b. 

Generally, a detection sensitivity In the order of lo 3 ' 
genome copies ,s quite adequate for detecting a wide range of vW 

2 the '";«ttous agent 1s present only 1n very low numbers (o g „ , 
results in an increase 1n sensitivity. . 

2. , Infection PI^FlSe Man ^ U Artv,:,^,,-, >.-"-,! 

The method of the Invention permits the rapid, simple and 
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a-thalassemia or 0-thalassemia. 

Non-viable organisms can be detected using the method of the 
invention. 

A further advantage Is the method can use a mixture of 
oligonucleotide primers for the detection of a battery of agents suspected 
of causing a broad range of disease states (e.g., pneumonia; mycoplasma, 
chlamydia, streptococcus, Legionella* RSV). 

" 3. Genetic Disease Dia gnosis Advantages 

The method can be used for the rapid detection of an altered 
nucleotide base (point mutation) and for the detection of the Insertion or 
deletion of one or more nucleotides in a polynucleotide sequence. In this 
Instance the genetic change has to be known and characterised at the DNA 
sequence level. 

The detection of a single or more base changes can be automated. 

The method can be adapted to large scale screening for single (or 
more) nucleotide changes. This is particularly important in screening for 
genetic diseases such as cystic fibrosis but can also be adapted to the 
differentiation of alleles not necessarily involved in gene expression such 
as used for DNA profiling. 

This particular method does not involve solid-liquid hybridisation, 
precise liquid hybridisation conditions and is not technically demanding. 
Other systems, such as Southern blot hybridisation, require that the target 
polynucleotide sequence is linked to a solid support (technically 
demanding) and/or the use of oligonucleotide probes that require precise 
hybridisation conditions. These systems cannot be automated and are not 
easily adapted to large scale screening. 

Brief Description of Drawings 

Preferred embodiments of the Invention are now described with 
reference to the following drawings 1n which: 

Figure 1 is a schematic drawing of a method for detecting a specific 
polynucleotide sequence; 

Figure 2a is a schematic drawing of a method for detecting a specific 
polynucleotide sequence using a separation element which links to the 
oligonucleotide primer portion of an extended primer; 

Figure 2b is a schematic drawing of a method for detecting a specific 
polynucleotide sequence using a separation element which links to the 
extended portion of an extended primer; 
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Figure 3a Is a schematic drawing of a method for detecting a 
nucleotide or base change using a separation element which life to the 
oligonucleotide primer portion of an extended primer; . • \jVv- ; ; 

Figure 3b 1s a schematic drawing of a method for detect in^fe ^ 
nucleotide or base change using a separation element which TNc* ^ 4 
extended portion of an extended primer; 4= V ' ; 

Figure 3c 1s a schematic drawing of a method for d*t&cti P |l^ " - 

oortion'of ° r T Chan96 US,n9 a ^ctable^ele^t iln^ ^ lhe tended 
portion of an extended primer; A.^f J : 

Figure 4 shows an autoradiograph used to verify the slie^fche 
extended ol igonucleotlde produced in the third example of fe^tlcW; and 

on. Jll 5 k 1S " SChemat,C d6p1Ctl0n bf an ^PP^Htus^r mmt® any 
one of the methods of the invention. ■ . IP *y ' 




•major application: infectious diseases) <11) the detection #*|cTootide 
or base change (major applications: S.netic diseases and DNA ^ 
fingerprinting) <i„> the detection of multiple specWic nucleoli • 

Cert^ T d,ffe " nt .-"-.'•M-lor Application: Sltlple 

infectious diseases) and <iv> detection of „„VtipU nucleotide or base 

Sl « ' PO,J " ,(,C,eot,de s " uef "« <^ ^Hca t i^:: m uJt1p,e 

modifications) Is suitable for use with all applications. 
!• Petfrtlnn of a wrifir m.rwy. ,„ T ,.„.. 
, Referr,n9 t0 f, 9 u " '• a method for detecting a specific ; 
p^LT T Ue ? ,,rSt ,nVOlV " the ^"thesis of an.Mrg^cleotide 
ength of the primer depends on the length of the most tonserv^Squence 
n^t^r C ' e0t1de " qUenCe t0 ^ '""ted "P to a ^ length of 30 

uslnn Ih! SP !ri ,C PrlBer ' S P referabl y ^tatted to an inert solid support, 
using the method of Ashley and MacDonald (1984), A»y,fnerfr sup&rt 
partlce to which small DNA molecules can be attached can be used f# 

dd d"to r U ' 0Se r " y,0n - P0,ynUCle0t " le Is 

o tlo^ f h 7 UPP ° r • SP "' f ,C Pr,mer C ° n3U9ate ,n th « P« S e,c?'of a 
solution that promotes rapid hybridisation befwW« the specie *rW r 'and 
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the polynucleotide sequence. One appropriate solution contains 0.1 5M 
sodium chloride, 0.015M sodium citrate and 4% polyethylene glycol 6000. 
The support Is then washed. 

The choice of washing buffer determines the stringency conditions. A 
standard huffer 1s T40mM sodium chloride, 15mM sodium citrate and 20mM 
sodium phosphate, pH 7.0. 

The specific primer is extended using either DNA polymerase I (Kl enow 
fragment) or reverse transcriptase in the presence of the four 
deoxyribonucleotides, one of which is labelled, radioactlvely, with biotin 
or with a fluorescent label . The length of extension depends upon the time 
and temperature of the extension reaction providing all chemicals are in 
non-1 imitlng concentration. 

Generally the reaction is carried but at 37°C for 30 minutes and the 
label is 32 P. The level of incorporation of labelled nucleotide into 
the extended primer is measured by liquid scintillation when the label is 
32 P. ' 

Alternatively the label can be a fluorescent label. 

Following primer extension the mixture 1s washed and assayed for 
presence of the label . 

The presence of label after the final wash indicates that the primer 
has been extended, and that, therefore, the nucleic acid whose presence is 
being assayed is present. The specific primer can only be extended using 
the nucleic add to which it 1s complementary as template. 

In summary this method involves the following steps: 

the synthesis of a specific primer complementary to part of a known 

or partly Known nucleic acid sequence, the target. 

the attachment of a capture (Configuration A - Figure 2a) or detector 

(Configuration B - Figure 2b) molecule to the 5* end of the specific 

primer 

the hybridisation, 1n solution, of this specific primer to the target 
nucleic add sequence 

the addition to the solution of the four deoxyribonucleotides and 
either a DNA dependent DNA polymerase (if the target is DNA) or a RNA 
dependent DNA polymerase (If the target is RNA) under conditions 
suitable for the enzymatic extension of the specific primer. One or 
more of the deoxyribonucleotides has covalently attached to It a 
detector molecule (Configuration A) or a capture molecule 
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(Configuration B) 

the polymerase enzyme extends the primer using the target nucleic 
acid as a template and simultaneously incorporates, ei.ther i detector 
or a capture molecule into the extended primer 

the reaction can be heat denatured and the cycle repeated^ amplify 
the amount of extended specific primer ' 
for Configuration A, the specific affinity molecule (attached to a - 
solid support) is added to the solution under; conditions conducive to 
the binding of the capture molecule to the specific affinity molecule 
for Configuration B, the extended specific primer is precipitated 
with ethanol , washed to remove unincorporated deoxyrlbonucleoti de- 
capture molecule complex. After washing, the extended specific 
primer is resuspended in a solution conducive to the blading of the 
capture molecule to the specific affinity molecule. Tt»e specific 
affinity molecule (attached to a solid support) is then ad*ed 
once the extended specific primer is attached to the specific 
affinity molecule-solid support complex via the C a P tu^k>Tecule, the 
mix is washed extensively under high stringency conditions- 
at the conclusion of the washing step, the mix is assayed using a 
procedure appropriate for detecting the detector molecule 
2- - . Petition of a nurleotidP or h a <» rj, frni , 

This method involves the following steps: .V 
the synthesis of a specific primer complementary to part of a known 
or partly known nucleic add sequence, the target. The specific 
primer sequence 1s complementary to the target Sequence either 
immediately adjacent to but not Including the single nucleotide or 
base to be detected or not immediately adjacent to the'Single 
nucleotide or base to be detected but having an Intervening- sequence 
between the bound primer and the nucleotide or base to-be detected 
the attachment of a capture (Configuration A - Figure 3a) or detector 
(Configuration B - Figure 3b) molecule to the 5' end of the specific 
primer. For Configuration C (Figure 3c), neither a capture or 
detector molecule are attached to the sped f primer at the 5' end 
the hybridisation, in solution, of this specific primer Jo the target 
nucleic add sequence . ' . 

the addition to the solution of only one type of didedxyrtbo- 
nudeotlde (or deoxyribonucleotide). that is, the one which can pair 
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or hydrogen bond with the base or nucleotide to be detected In the 
target sequence and either a DNA dependent DNA polymerase (If the 
target 1s DNA) or a RNA dependent DNA polymerase (If the target 1s 
RNA) under conditions suitable for the enzymatic extension of the 
specific primer. The di deoxyrl bonucl eoti de (or deoxy ribo- 
nucleotide ) has covalently attached to 1t a detector molecule 
(Configuration A and C) or a capture molecule (Configuration B) 
the polymerase enzyme extends the primer using the target nucleic 
acid as a template adding only one molecule of the d1 deoxyrl bo- 
nucleotide (or deoxyri bonucl eoti de) If base pairing 1s possible. The 
specific primer 1s not extended if base pairing between the 
d1 deoxyrl bonucl eoti de (or deoxyri bonucl eoti de) and the target 
sequence is not possible. A detector (Configuration A and C) or a 
capture (Configuration B) molecule 

the reaction can be heat denatured and the cycle repeated to amplify 
the amount of extended specific primer 

for Configuration A, the specific affinity molecule (attached to a 
solid support) is added to the solution under conditions conducive to 
the binding of the capture molecule to the specific affinity molecule 
for Configuration B, the extended specific primer is precipitated 
with ethanol , washed to remove unincorporated di deoxyri bon- 
nucl eoti de-capture molecule complex (or deoxyrl bonucl eoti de-capture 
molecule complex). After washing, the extended specific primer is 
resuspended in a solution conducive to the binding of the capture 
molecule to the specific affinity molecule. The specific affinity 
molecule (attached to a solid support) Is then added 
for Configurations A and B, once the extended specific primer is 
attached to the specific affinity molecule-solid support the complex 
via the capture molecule, the mix Is washed extensively under high 
stringency conditions 

for Configuration A and B, at the conclusion of the washing step, the 
mix 1s assayed using a procedure appropriate for detecting the 
detector molecule 

for Configuration C, the reaction mix is loaded onto a lane of an 
agarose or polyacryl amide gel of suitable composition, 
electrophoreses to resolve the extended specific primer-detector 
molecule complex and finally assayed using a procedure appropriate 
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for detecting the detector molecule. Labelled size standards are 
normally included 1n another lane of the gel . t, ' ■ • •/ 

3, Detection of MuUIpIp Specific NurlPotirte n j p ,.pifk rfn t ' 
Capture Molecules. 1p MultiniP Tortious- nu PaC p C ■ 

This method Involves the following steps: 

the synthesis of multiple different specific primers each elf which 1s 
complementary to a different known nucleic, add sequence,; the. targets 
the attachment of different capture molecules to the 5' enti of the 
different specific primers ; v 

the hybridisation, 1n solution, of these different spe-clflc Rimers 
(with attached different capture molecules) to the different target 
nucleic acid sequences to which the different specific Rimers are 
complementary 

the addition to the solution of the four deoxyribonuc&cwtldes and 
either a DNA dependent DNA polymerase (if the targets are>lT DMA) 
or a RNA dependent DNA polymerase ( if the targets are a*l &IA) or * 
both polymerases (1f the targets are: a mixture of toothy ar m ji^a) 
under conditions suitable for the enzymatic extension or ^^peciflc 
primers If these specific primers are hybridised with their 
complementary target nucleic acid sequence. -One or more of the 
deoxyribonucleotides has covalently attached to it a detec^Hr. mol ecule 
the polymerase enzyme(s) extends the different specific using 
the different target nucleic add sequences as a templates and 
simultaneously Incorporates a detector molecule Into the fended 
primers f v '. . ; 

the reaction can be heat denatured and the cycle repeated to amplify, 
the amount of different extended specific primers ^ /'".V" 
different specific affinity molecules (which have specific affinity 
for the different respective capture molecules and are att$ch.ed to 
solid supports such as -test strips") are added. -t^ the solition under 
conditions conducive to the binding of the different capture molecule 
to their different specific affinity molecule ; V - 
once the different extended specific primers-are attaeM*! to their 
specific affinity molecule-solid support complexes via ^ different 
capture molecules, each different complex Is removed- If^vldoally 
with the appropriate test strip which subsequently Is-Washetf 
extensively under high stringency conditions >3 ^ ';>'■■ 
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at the conclusion of the washing step, one of the test strips is 
assayed for the presence of detector molecule using a procedure 
appropriate for the particular detector molecule. If the assay 
Indicates that the detector molecule is present on the test strip 
then this is indicative that the specific nucleotide sequence 
targeted by the primer having that particular detectable molecule is 
present in the test sample. If the assay indicates that no detector ' 
molecule 1s present on the test strip then this Is indicative that 
the specific nucleotide sequence targeted by the primer having that 
particular detectable molecule is not present in the test sample 
the procedure of the last step is repeated for each of the test strips 

4. Detection of a multiple ■-nucleotide or base changes in different 
polynucleotide sequences. 1e m ultiple genetic defects or diseases 
or geneti c fingerprinting 

This method Involves the following steps: 

the synthesis of a multiple different specific primers each of which 
is complementary to a different known nucleic acid sequence, the 
targets. The different specific primer sequences are complementary 
to their respective different target sequences Immediately adjacent 
to the single base to be detected 

the attachment of different capture molecules to the 5* end of the 
different specific primers 

the hybridization, in solution, of these different specific primers 
to their different respective target nucleic acid sequences 
the addition of the solution of all four types of dideoxyribo- 
nucleotide (eg, ddATP, ddCTP, ddGTP, ddTTP) and either a DNA 
dependent DNA polymerase (if all the targets are DNA) or a RNA 
dependent DNA polymerase (if all the targets are RNA) or both (1f the 
targets are a mixture of both DNA and RNA) under conditions suitable 
for the enzymatic extension of the different specific primers. Each 
dldeoxyribonucleotide has covalently attached to it a different 
detector molecule. 

the polymerase enzyme extends the different specific primers using 
the different target nucleic acid sequences as templates adding only 
one molecule of one of the dideoxyrlbonucleotides 
the reaction can be heat denatured and the cycle repeated to amplify 
the amounts of extended different specific primers 
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the specific affinity molecules (with specific affinity for the 
different respective capture mole and are attached ^ to solid 
supports such as "test strips") are added to the solution inder 
conditions conducive to the binding of the different capture \ 
molecules to the different specific affinity molecules! ' : 
once the different extended specific primers are attached to their 
specific affinity molecule-solid support complexes via the different 
capture molecules, each different complex is removed individually 
with the appropriate test strip which subsequently Is wished 
extensively under high stringency conditions ' 
at the conclusion of the washing step, one of the test strips is ' 
assayed for the presence of detector molecule: using a procedure 
appropriate for the particular detector molecule. If the assay - 
indicates that the detector molecule is present on the test strip 
then this is indicative that the specific nucleotide sequence 
targeted by the primer having that particular detectable molecule is 
present in the test sample. If the assay indicates that no: detector 
molecule is present on the test strip then tbis ts indlcative.that 
the specific nucleotide sequence targeted by the primer having that 
particular detectable molecule 1s hot present 1n the test sample 

c the pr0Cedure of the last s * e P 1s repeated for each of the test strips 
. 5. Apparatus for Carrvinn out MPthnric of thP Tm/ fnt1 » n 

Referring to Fig. 5 apparatus 100 Is generally suitable for carrying 
out the methods of the Invention according to non-automatic or automatic 
procedures. The extending and separation procedures take plac^ tfth-in 
removable reactor 10 which is disposed within support vessel ft ' Vessel 11 
1s temperature controlled by thermo-control led jacket 12. " The contents of 
reactor 10 are mixed by shaking vessel 11 using shaker 13. The base of 
reactor 10 has specific porosity membrane 14 supported by membrane support 
15. Reactor 10 is supported in vessel 11 by support for removable rr^tor 

Sample material, primer(s) and extending reagents are delivered to 
reactor 10 from their respective vessels 16, 17 and 18. Primer annealing 
and extension are permitted to occur for an appropriate period underlie 
mixing and fixed temperature conditions. This react ion- creates an extended 
primer having a detectable element and separation element provided the£ " 
sample has a specific polynucleotide sequence for which, the primer has- a 
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sequence complementary to part of the specific polynucleotide sequence. 

Subsequently specific affinity mqlecule(s) (SAM(S)) attached to an 
Inert support for the separation element are added to reactor 10 from SAM 
supply vessel 19 and allowed to react with extended primer for an 
appropriate period. Unreacted reagents, buffer and unextended primer(s) 
are then removed to waste container 25 via vacuum line 25, having 
associated vacuum pump 24, attached to the base of support vessel 11 whilst 
extended primer<s> having attached SAM(S) are retained 1n reactor 10 by 
membrane 14. The retained primer-SAM complexes are washed with wash 
reagent supplied from vessel 22 to remove background and thereby create the 
first fraction in reactor 10. The first fraction Is then examined for the 
presence of detectable element With detector 23. Typically, the detectable 
element is a radioactive element such as 32 P and detector 23 is a 
scintillation counter. 

If the assay indicates that the detector molecule 1s present then 
this Is indicative that the specific nucleotide sequence is present In the 
test sample. If the assay indicates that no detector molecule Is present 
then this is Indicative that the specific nucleotide sequence is not 
present 1n the test sample. 

Example 1 

In this example of the detection of a specific polynucleotide 
sequence, the method depicted in Fig. 1 was used for the detection of the 
single stranded genomic DNA of the bacteriophage Ml 3. 

1. Synthesis o f the synthetic primer. 

A 17-mer DNA complementary to Ml 3 ssDNA was synthesized on an Applied 
Blosys terns DNA Synthesizer. 

The 17-mer had the nucleotide sequence: 

3 • _T-G-A-C-C-G-G-C-A-G-C-A-A-A-A-T-G- 5 " 

This primer is not only complementary to M13 single-stranded DNA but 
also to the bacterial double-stranded DNA plasmid, pUCT2. 

2. Attachment of the primer to c ellulose. 

The method of Ashley and MacDonald (1984) was used to attach the 
primer to ABM-cellulose. The amino benzyl oxymethyl (ABM) groups on ABM 
cellulose were diazotized to form diazobenzyloxymethyl-cellulose 
(DBM-cellulose). The specific primer was attached to the DBM-cellulose. 
Approximately 40 \ig of specific primer was bound to 20 mg of cellulose. 



WO 90/09455 




IK 



)r1d1zat1nn 
nucle-1 c arid 

SP-cellulose was ^suspended in a solution containing *he targe i> 
nucle1c ; acld. either Ml 3 ssDNA or pUC12 and-water. ThU ^i&l/boi^ 
for 5 minutes and quenched on ice. The mixture was then washed by 
centrlfugation using a wash buffer comprising .140^ sodium cbWlde 15*^ 
sod u m citrate s 20mM sodium phosphate, pH 7.0 to removein.cl^ ^ 
that had not hybridised with the SP-cellulose. \. : ?-.. % ' p .1 
A - Primer P^nrl^n - • T^-- * ^ / ; 

^ The specific primer was extended using DNA polymerase I WlBtJ&i ' 
fragment) together with labelled and non-labelled nucleotides. 
The reaction conditions were as follows: . cY„ 4 

20 : 1 R»f^t|"n Mitt 
50mM Tr1s-HCl, pH 8.3 ... "' . 

• 8mM Magnesium chloride _ 

4mM dlthlothreltol ; ' • •/,.: t: >"' 
4mM sodium pyrophosphates ^ v ' ' 

ImM each dATP, dGTP and dTTP " * : .V ■ 

i ci 32 p dCTP \ - ; y . , ' ■ • 

T4> 7 units DNA polymerase I, Klerww fraitttesrt ' 

concen rat^T^^ ^ ° f final 

thre! > W nCreaS6d the ^corporation of radioactivity up. to 

The reaction mix was incubated for 2 hrs at 20°C ' • ~F . , 
At the end of the Incubation, unincorporated nucleotides were removed 
by washing the SP-cellulose four times by centrifudation. m^t, 
buffer was uomM sodium chloride. TSmM sodium citrate and 20mM $ odiu^ - 
Phosphate, P H 7.0. The sample was vortexed for 1 minute at rtm^ ■ '•*-' '' 
temperate then centrlfuged at 12,000g for 5 minutest n^^^}; 

.Finally, the SP-cellulose was added to a vial containing 'v. ■ " 
sc nt ation solution and incorporation was determined using a^fquld 
scintillation counter. 

Example ? ^ 
In this example of the detection of a specific polynuclec&ide* 
sequence according to the second embodiment of the invention, single 
stranded genomic DNA from the bacteriophage Ml 3 m P 18 was detected^ the 
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following oligonucleotide primer: 

Ml 3 ssDNA 

3' . . T TT G C T G C C G GTC A C G G T T C G A A . .... 5' 
5' A A A C G A C G G C C A G T G C C 

Specific Primer 

The configuration used 1n this example Is demonstrated in Figure 2b; 
the detector molecule 1n this example 1s 32 P and is attached to the 5' 
end of the specific primer; the capture molecule is biotin and is 
incorporated Into the extended primer as biotin-16-dUTP (an analogue of 
dTTP); the specific affinity molecule Is streptavidin and the solid support 
is agarose. 

The specific primer was synthesised using an oligonucleotide 
synthesiser and was 5" end labelled with 32 P using polynucleotide kinase 
as follows: 

Reaction mix: " 

Specific primer (50 pmoles 5'0H ends) lu,l 

TOO mM dlthlothreitol S^ 1 
lOx TM Buffer 5 P> ] 

(600 mM Tris, pH7.6; 90 mM MgCl 2 > 
Y- 3Z p-dATP (3000 C1/mmole) ISP- 1 
T 4 polynucleotide kinase (8.6 un1ts/ml) 2u -l 
ddH 2 0 2Z\l\ 
The reaction mix was incubated at 37°C for 20 minutes. The labelled 

primer was separated from unincorporated 32 P using a DEAE cellulose 

col umn. 

The primer extension reaction was carried using the following 
reaction mix either with Ml 3 mpl8 or lambda bacteriophage (as a non- 
homologous control): 
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Template DNA (500 ng) 
32 

P labelled specific primer 
DNA polymerase (Klenow; 1 unit/ul 
B1ot1n-16-dUTP (ImM) 
dCTP (1 mM) 
dGTP (1 mM) 
dATP (1 mM) 
NaCl (5 M) 
MgS0 4 (I H) 
D1th1othre1tol (4 mM) 
Bovine serum albumin (1 mg/ml) 
Trls HC1. pH7.0 (1 M) 
ddH 2 0 
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M13 
2.5ul 
lOul 
lul 
lul 
lul 
lul 
lul 

lul 
0.5ul 
1.25ul 
2.5ul 
2.5ul 
24.75ul 



Lambda 
lOul 
lOul 
lul 

lul , 
lul 
lul 
lul 
lul 
0.5ul 
l,25ul 
2.5ul 
2.5ul 
25/25U1 



The reaction mix was incubated at 37«C for 60 minutes. At the 
completion of the Incubation, the extended primer was precipitated with 
ethan ol to unincorporated biotin-16-dUTP. To the reaction mix was 

added one volume (50U1) 5M am^ni urn acetate and 250ul ethanol, followed by 
br ef mixing and Incubation at -20'C for one hour; The precipitate vas 
col ected by centrlfugation, dried briefly, resuspended 1n 50ul * a o and 
applied to a 200u1 streptavidin/agarose column (containing o:i 2 mg 
streptavidin) previously equi librated with binding buffer (10 mM T ris HCl 
PH7. ; 200 « NaCl; 1 mM EDTA) . . The column was washed five tfmes^lth 
500U1 each of binding buffer. The streptavidin/agarose was suspend in 
1ml binding buffer to which was added 6ml of scintillation fluid and the 
mixture counted In a liquid scintillation counter. , X 
The results for the Ml 3 and the lambda systems were as follow^: 
Template C pm - : 

M13 29.055 / 

lambda 1 Q43 

The results demonstrate that the primer was 'specifically extended 
only In the presence of the homologous template. M13. but not extended in 
the presence of the non-homologous template/lambda. Further, biotin was 
Incorporated into the extended primer. " 
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Example 3, 

In this example of the use of the Invention for the detection of an 
altered nucleotide base, the configuration shown in Figure 3c was used. 
The Ml 3 sequence detected and the oligonucleotide primer sequence used were 

as follows: 

M13 ssDNA 

3« . . . T TTGC TGCCGGTC ACGGT T.C G A A . . . 5* 
5' AAACGACGGCCAGTGCC 

Specific Primer 

The specific primer was synthesised using an oligonucleotide ■ 
synthesiser. 

The reaction mix was set up as follows: 

500 ng M13mp18 ssDNA 2.5u,l 
0.8 pmoles specific primer 2.0u,l 
lOx reaction buffer 1.5u,l 
ddH 2 0 T.OpJ 

this reaction mix was incubated at 55°C for TO minutes at which time 
the following were added: 

32 P dATP (3000 C1/mmole, 10 mCl/ml) . 0.5u>l 

32 P ddATP (3000 Cl/mmole, 10 mC1 /ml > 1.5u,l 
DNA polymerase (Klenow) (1 un1t/u,l) 1.0u,l 
This reaction mix was Incubated for a further 15 minutes at 25°C. 
The reaction was stopped by the addition of 4ul formamlde dye (95% 
formamide, 0.1% xylene cyanol , 0.1% bromophenol blue). The reaction mix 
was heated at 100°C for three minutes prior to loading on a 20% 
polyacryl amide gel and electrophoresing for 30 minutes at 30 miniamps. 
The gel was then fixed in 10% acetic acid, washed with ddH 2 0 and exposed 
to X-ray film at -80°C for 12 hours. 

The resulting autoradiograph (Figure 4) exhibited only one band of 18 
nucleotides 1n length. Thus the primer had been extended by only one 
nucleotide by the incorporation of a labelled adenine residue and thus 
detecting a specific single nucleotide in a nucleic acid sequence. 

Fxample 4 

In this example of the detection of a specific polynucleotide 
sequence, the method of Fig. 2a was used for detection of the single 
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stranded genomic DNA of the bacteriophage M13. • ' . .... .y^, f * '\ \ $f- 

V - Synthesis Of the "svnthp flc nr1m»r ' T:,, 

A 25-mer DNA complementary to MIS ssDNA was synthesize^ Clontec 

(USA) . k . ; 

The 25-mer had the nucleotide sequence . 
5'-X ACG TTG TAA AAC GAC GGC CAG TGC C-3' : \ J v 

where X is blotln covalently attached to a "modified nucfeotide ^ ' - 

2 * Hybridisation anri pr imer Pvtene^ n Y'.'\ 

The primer was mixed with buffer containing either MV3 Retarget) 
or herring sperm DNA (control) and extended using DNA Polymerase X (Klenow 
fragment). ; - : 

Reaction conditions were as follows: > \* 

50 mM Tris pH 7.5 • ' •• ^ 

10 mM MgCl 2 

4 mM DTT • 1 \ 

100 mM NaCl ' : 'S 

50 ug/ml bovine serum albumin - 
0.02 mM each dATP, dGTP, dTTP 
1 CI 32 P dCTP 

742. 5ng/5pul M13 or herring sperm DNA 
25.8ng/50ul blotln-prlmer 

0.5 units DNA polymerase I, (CI enow fragment. * 
The reaction mixes were Incubated at 37»C for 60' and terminated by " 
precipitation and washing. • . 

Precipitation was carried out by addition of 5M ammonium acetate 
calf thymus DNA as carrier and ethanol . Pellets collected by > 

centrlfugation were washed with 70* ethanol until washings cotrtain^d less 

than 500 cpm. ^ 

,nn M " aShed Pell6tS W6re then d1 »olved in binding buffer conslfiing ,of 
200mM NaCl, lOmM Tris pH 7.5, ImM EDTA and applied to a column of 
streptavldin-agarose. Columns were washed with several volumes- of buffer 
and counts bound to streptavldin agarose (SA) were measured; with the 
following results: 

Target cpm bound to SA '*• 

M13 11,939 ' 

Herring Sperm 83 

The results demonstrate that only primers extended in the presence of 
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target Ml 3 DNA result 1n significant radioactivity being bound to the 
column. 

Industrial Applicability 
The method of the invention can be readily used in the following 
applications: 

a) the simple, rapid, sensitive and automatable detection of 
infectious diseases of humans, animals and plants; 

b) the specific, rapid and large scale detection of base changes in 
nucleic acid sequences, particularly in the detection of gene 
defects and DNA fingerprinting; "'. 

c> kits for use with the above applications; and 

d) automated equipment for use with the above applications. 



CLAIMS 



extending primer bound to the 

wherein a BxtBndBa.pri^.Sii^^i^^^'^^^- 
or a separation element™ detectable element 

-SSTi^StSS- ^^^^^^ ^ein 
included in said extended primer; a^d elem * nt not 

determining whether any extendi • 

said fraction by assaying ItiTfrLf^ f' ^ Present in 

^^^^^^ 

the aiiencj I of Mid d a t.«i'K" nC "i Said n***^* 1 «*» 
is indicative of £f »i eles,ent in s#id fraction 

polynucleo^se^ence'ln -ffiSTt^i, T " { 
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3; A method for detecting at least two different specific 

polynucleotide sequences in material having a plurality 
of different polynucleotide sequences comprising: 

a j exposing said material to at least two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to part of 
one of said different specific polynucleotide sequences 
when present in said material each of said 
oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to the other of said 

oligonucleotide primer (s); 

■ . ■ ■ t- . 

b) extending said different oligonucleotide primers bound 
to their different specific polynucleotide sequences 
wherein any extended primer includes a detectable element 
or a separation element; 

c) separating any extended primers into at least one 
fraction wherein said fraction (s) does not have 
detectable element not included in said extended 
primer (s) ; and 

d) determining whether any extended primers are present in 
said fraction (s) by assaying said fraction (s) for at 
least one of said extended primers wherein the presence 
of said extended primer (s) is indicative of the presence 
of at least one of the different specific polynucleotide 
sequences in said material and the absence of said 
extended primer (s) in said fraction(s) is indicative ox • 
the absence of at least one different specific 
polynucleotide sequence in said material. 



4. A method for detecting at least two different specif ic 

polynucleotide sequences in material haying a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers 
binding to part of a different specific polynucleotide 
sequence to that of the other oligonucleotide primers; 
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c) 



d) 



c) 



d) 



'■ P^ers bound 

any extended primer inc?udX a letectaKfJ?^ 5 r herelh 
separation element; "peccable sUement and a 

separating detectable element- • " , , 

extended primers from any eSendSd r,^ nClUded in said 
• extended primers are separated AS"**! wl ? e * ein any 
fraction; and separated into aty, least one 

determining whether anv extendPrt wr-i^^v.^ " 
said fraction (s) by ^ s ^n^ ^ ^ ^ ^ P r * s *nt in 
detectable e^nie^ "'SSin ?hf f ° r Said 

detectable element (s) is ind^ati^ of ~ said 

at least one of the dif^oiS the presence of 

sequences in said materiff ^t^ PeClf ^ tpc ? 1 ^ Ucleotid e 
element (s) in a tract ion A i A ?*x" C % ° f s Md detectable 
of at least one * dif f Lr-L^? lndlca J : . ive the absence 
sequence in said matejfalf ^ SpeCXflc ^nucleotide 

oasT^ l d f^^^i f ic nu4eotide or 
Polynucleotide W^±^ 

5 btdsTo C pa f r? 
immediately /.adJaLi^^^S^^^f 

extended up to and incltS « ^ • P r ^r is only 

base when P sa?d specTf^ °^ 
particular position h S ? >Se is at ^ 

sequence wherein the extend t? — ^^- Polynucleotide 
element and/or a Lo^ratf^ P"mer has a detectable 
complementary - to ^^^ or %^^ 

ISrfe^ aSs n ^oV P ^r r a wherein 
included inTaid^xten^d Primer?^** 1 * f^<* 

saiI r f& n W ^LS J^ nded >F-- is%resent in 
primer whereih Srpres^- ^ 1 ^ f ° r S&id 
indicates that th? spScif S^S,^ -J ^ extended primer 
particular position In ^ le ° tlde ° V ***** is at the 
sequence 3 nd ab nc ? e of Spec ^ fic polynucleotide 

indicates that the spec ?if i? n„oi 0 "J*. 1 * tended , primer 
the particular oo^f^^ • nucleotide or base is not at 
sequence. ■ position xn the specific polynucleotide 
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6y A method for detecting whether the same or different 

specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a) exposing said material to at least/ two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers 
binding to part of a different specific polynucleotide 
sequence to that of the other primer (s) and wherein each 
of said primers binds to its complementary specific 
polynucleotide sequence in said material immediately, 
adjacent to the particular position; , 

' b) extending said different oligonucleotide primers bound 

to their complementary polynucleotide sequences with the 
proviso that each of the bound primers is only extended 
up to and including the particular position when said 
specific nucleotide or base is at the particular position 
in the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/ or a 
separation element at a position complementary to said 
specific nucleotide or base; 

c) separating any extended primer (s) which has extended only 
up to a specific nucleotide or base at a particular 
position into at least one fraction wherein said fraction* 
does not have detectable element not included in said 
extended primer; and 

d) determining whether at least one extended primer is 
present in said fraction (s) by assaying said fraction (s) 
for said extended primer (s) wherein the presence of an 
extended primer indicates that a specific nucleotide or 
base is at a particular position in a specific 
polynucleotide sequence and the absence of said extended 
primer(s) in a fraction(s) indicates that at least one 
specific nucleotide or base is not at a particular 
position in at least one different specific 
polynucleotide sequence. 
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7. 



a) 



b) 



8. 



a) 



A method for detecting whether a specific nl^3o^/, = " 
base is at • a particular position Vn^ C tld ? ° r 
polynucleotide sequence in; ^S^t^^:^ ^ 

exposing said material to ah olionm.n^^o 
having a sequence complementary StS 6 ?-^ 
polynucleotide sequence wherein said n^Lf5 „ specific 
. of said specif ic ^ ^lynucii^ ^Sci^ P ^ 
not immediately adjacent to ■ the TartiSJS ^ ^ al; 
whereby there is an intervening sKu^S Stw^J Jk" 
particular position and primer bound ?S i£f • 5 1 ? 6 

polynucleotide sequence; ' > ° ^ specific 

extending bound primer with the proviso th^t fho w * 

interfering detectable a« a/ or .epare'^'SSSt, ' - 

position into a fraction wherein sald%~^- P 3 ^ 0111 ^ 
prSe^ aWe elK " ent " 0t 4^ ^^5? £2-32 V 

s^l'rfe^ILS l"r?r^^ r iS 4 e - nt ^ n ' 
primer wherein the ^rifrfof -* r .??t io 2 for said extended 

sequence and thP,K specific polynucleotide 

S^uf„ce. 1CUlar P ° Siti0n in the. specific poly^^otiSe 

sequence/ Mn"'^ 1 ?^'^. 
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complementary polynucleotide sequence not immediately 
adjacent to the particular position whereby there is an 
intervening sequence between the particular position and 
primer bound to the specific polynucleotide sequence when 
present in said material each of said oligonucleotide 
primers binding to part of a different specific 
polynucleotide- sequence to that of the other primer (s) ; 

•' • . ' ' ; ? 

(b) extending said different oligonucleotide primers bound 

to their complementary polynucleotide sequences wherein 
each of the bound primers is only extended up to and 
including the particular position when said specific 
nucleotide or base is at the particular position in the 
specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/ or a 
separation element at a position complementary to said 
specific nucleotide or base with the proviso that the 
intervening sequences cannot be ones where bases or 
nucleotides complementary to the intervening sequences 
and which are incorporated into the extended primer (s) 
cause incorporation of interfering detectable and/or 
separation element (s); 

c) separating any extended primer which has extended only 
up to a specific nucleotide or base at a particular 
position into at least one fraction wherein said 
fraction (s) does not have detectable element not included 
in said extended primers; and 

d) determining whether any extended primers are present in 
said fraction (s) by assaying said fraction(s) for said 
extended primer (s)s wherein the presence of an extended 
primer (s) indicates that at least one specific nucleotide* 
or base is at a particular position in a specific 
polynucleotide sequence and the absence of said extended 
primer (s) in a fraction indicates that at least one 
specific nucleotide or base is not at particular 
positions in at least one different specific 
polynucleotide sequence. 



9. The method of claim 1 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP , dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

10. The method of claim 2 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP , dTTP, dUTP, dITP, ddATP, 
ddCTP A ddGTP , ddlTP and ddTTP- 
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11- The method of claim 3 wherpiV, e=<^ ■= --^ -V 

using at least one nucleotide Sw"^ 9 comprises 
consisting of dATP, dCT P f dGTP S?^!^ ^ 9 rou P 

ddCTP, ddGTP, ddlTP .^dS ' PTP ' dITP, ddATP, 

The method of claim 4 whproin _ . . 

using at least c^ ^cS^ ^^in?: Uprises 

consisting of dATPV dCTP dGTP dWP dtLp^nP 16 * r OU P 
ddCTP, ddGTP, ddlTP and ddTTP.' ' dW ' ^P f ddATP, 

consisting of dATP, dCTP , dGTP dTOP dirrp ^"^n^ 6 *^ ou P 
ddCTP, ddGTP, ddlTP and ddTTP ' dIT ?' ^dATP, 

IslnT^ d^f^S nucl^fdU^^^ SS"*" 

usfnS dff f^nt 1^%°*™ comprises 
consisting of *li jS5 h~? i^ Eotsa fron ts group 
ddCTP. dd! T P, ddlTP a" dd£p ' ' dDTP, d!TP, ddATpf 

consisting of alS aS ,S ectea Irtm the group 

ddCTP. ddSW, SdlTP S iaS dTTP, dUTP, dITP. ddATP, 

X!n"^f n,££?& US -"-^in, conprises 
of dATP, dCTP. dGTP dTTP ^ rt^ " S^ 9r ° U S- con « istin 9 ' 
ddCTP, ddGTP and dd&P. ' dITP, 'ddlTP, ddATP ? , 

"E^^^^'J*^^**^ copses 
Of ddlTP, ddATP, ddCTP?^IdG;p fnd ddTlp?"^ CO "« iStin ? 

us!„r^ieait o ^ :s ^cis^sr^- 

usLra^east^ni^L?^ ■■«" lending comprises - 
consisting of ddATP, ^ET^^SS dS*f °" P 

-Inro^nucle^ sealcted" ^-^^ co»p ri ses 
of dATP, dCTP dGTP riTTP *t™£ !£ e gr ° up consisting 
• ddCTP, ddGTP and ddTTP ' dUTP ' dlTP ' dd3 ^ ddATP? 
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20. 



21. 
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22. The method of claim 8 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTp , dTTP , dUTP, dITP, ddATP, 
ddCTP, ddGTP , ddlTP and ddTTP . 

23. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has a detectable element. 

24. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has a separation element. 

25. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has separation and detectable 
elements . * 

26 v The method of any one of claims 1 to 8 wherein the 

oligonucleotide primer incorporates a detectable element. 

27 . The method of any one of claims 1 to 8 wherein the 

oligonucleotide primer incorporates a separation element. 

28 . The method of any one of claims 1 to 8 wherein the 

oligonucleotide primer incorporates detectable and 
separation elements. 

29. The method of any one of claims 1 to 8 wherein any 
extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity for the separation 
element, said molecule being linked to a support that 
facilitates said separating; and separating said 
contacted extended primer (s) to provide: said fraction. 

30. The method of any one of claims 1 to 8 wherein any 
extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity for the separation 
element; and separating said contacted extended primer (s) 
to provide said fraction wherein said separation element 
and said molecule are selected from the group listed as 
follows : 



WO 90/09455 



49 



(a) 

(b) 
(C) 

'(e) 
(f ) 

(g) 

(h) 
(i) 

3i. 



Separa tion R 1 Pmenf 



a ligand for which 
there is a receptor 

a receptor ; 

an antigen; 

an antibody for an 
antigen 

an ant i idiotypic 
antibody 

an antibody for an 
antiidiotypic antibody, 

a haptenic group; 

an antibody for a 
haptenic group; 

an enzyme; 



a binding inhibitor 
for an enzyme; 



• ' <> .. ..■ ■ ,. ".t\ 
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Molecule Havi ng a^ nft 

a receptor for the ligand; 

the ligand for the receptor; 
an antibody f or theantigen; 
the antigen; 



a "., ?"tibody for ~th<> 
antiidiotypic antibody; 

an antiidiotypic antibody 
for the antibody ; i 

group" tib ° dy f ? r ^ ha Ptenic 
the haptenic group 

a binding inhibitor for the 
enzyme ; and .: t._ e 

the enzyme.- 



^^%^r*% c ^l ^St> 8 any- 
separating step comprises- coSphV • elei, ® nt said 
with a molecule havfnJ' Sti^t^^S^^^^^^' 
element, said molecSe ^helna ^±llJ°Z ^ se P^ation 
facilitates said seiarJtiL- 5 a support that 
contacted extended o^imE^^l an <* . separating said 
wherein S airieDtra?ion » oL r pr ? vic * e said fraction 
selected frl "tJ^w" iS^g! 
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S et>ar a t i on El emen t 



(a) a ligand for which 
there is a specific 
receptor 

(b) a specific receptor; 



(c) an antigen; 



(d) a specific antibody 
for an antigen; 

(e) an antiidiotypic 
antibody 

(f ) an antibody for an 
antiidiotypic antibody; 

(g) a haptenic group; 



(h) a specific antibody 
for a haptenic group; 

(i) an enzyme; 



(j) a tight binding 

inhibitor for an enzyme; 



Molecule Having Affinity for 
Separation Element 

a specific receptor for the 
ligand; 



the ligand for the specific 
receptor; 

a specific antibody for 
the antigen; 

the antigen; 



a specific antibody for the 
antiidiotypic antibody; 

an antiidiotypic antibody 
specific for the antibody 

a specific antibody for the 
haptenic group; 

the haptenic group 



a tight binding inhibitor for 
the enzyme; and 

the enzyme. 



32. 



33. 



34 



35, 



b) 



The method of any one of claims 1 to 8 wherein the 
specific polynucleotide sequence (s) is a DNA sequence. 

The method of any one of claims i to 8 wherein the 
specific polynucleotide sequence (s) is an RNA sequence. 

The method of any one of claims 1 to 4 wherein the 
specific polynucleotide sequence (s) is from an infectious 
or disease causing organism. 

A kit for detecting a specif ic polynucleotide sequence 
in a material comprising: 

an oligonucleotide primer having a sequence complementary 
to part of said specific polynucleotide sequence; 

polymerase enzyme for extending the oligonucleotide 
primer; 
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d) 



36- A 



a) 



37. 



c) at least one nucleotide selert^ ; 

consisting of dftTP dCTP ^ d from the group 

ddCTP, dd! T P, dflTP and ddTTp 1 ;' ^ , dl^P? 

a detectable element and/or set)sr ,n ftn 

optionally attached to thV o]^^^^^ ^ich is 
or more of the nucleotides. g Cleotlde P rin »er or one 

P^cfeoti^l eg uen C £ i^^J" 0 specific 
of different poX^^i^S^.^-^r.Uty 

of on. of said s P ori7L%lir^otl^:^V° P *" 
b> oligonSKa/S^tf; f ° r the different 

C> oons^g °t dA^^^r^" " ^™ ' ">e group 
. ddCTP. mItp* ddlTP tn/ddSp 1 / a „? P ' dUTP ' dITP ' 

pr^ers or one cr acre of^Sf nu £ eo^es* 19 ^ 91 *"*"* 
sequence, in a c ^r^&J PeCl£lp Polynucleotide 

-S ^^^^J^^SSI^SS'-- =o„ Ploncntary - 

said primer binds to Dart of Sd 1~ *5 sequence wherein 
sequence ^^lyl^^^ 

a polymerase enzyme for extendi™ fw« ; " 
primer; ^ extending the oligonucleotide 

one nucleotide selentprf f>- n » ^.i. 

dATP, dCTP, dGTP dS riii£ .l 5 group, consisting of 
ddGTP and ddTTP wiS the ^^"Sl ddIT P^ ddATP ddCTP , 
selected whereby Unnl SriS ?° Sa±a peptide is 

including said I specific * 13 «xtfende# up to and 

specif ie g nucl e otiS- or tase is it ^ ° T **** ^en . said 
in the specific ^£A&*l$Zg5F^ position 



a) 

b) 
c) 
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d) a detectable element and/or separation element whereby 
extended primer has a detectable element arid/ or a 
separation element at a position complementary to said 
specific nucleotide or base and a detectable and/or 
separation element optionally ^ attached to the 
oligonucleotide primer. 

38. A kit for detecting whether the same or different 
specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers 
each of said primers having a sequence 
complementary to part of one of said specific 

p o ly nu c 1 e o t i d e sequences wherein each of said primers 
binds to its complementary polynucleotide sequence » when 
present in said material each of said oligonucleotide 
primers binding to part of a different specific 
polynucleotide sequence to that of the other primer (s) 
and wherein each of said primers binds to its 
complementary specific polynucleotide sequence in said 
material immediately adjacent to the particular position; 

b) a polymerase enzyme (s) for extending the different 
oligonucleotide primers; 

c) at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP; dTTP # dUTP, dITP, ddlTP, 
ddATP, ddCTP, ddGTP and ddTTP with the proviso that said* 
nucleotide is selected whereby bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence; and 

d) at least one detectable element and/ or separation element 
whereby each extended primer has a detectable element 
and /or a separation element at a position complementary 
to said specific nucleotide or base and a detectable 
and/ or separation element optionally attached to the 
oligonucleotide primer. 

39. A kit for detecting whether a specific nucleotide or base 
is at a particular position in a specific polynucleotide 
sequence in a material comprising: ^ 

a) an oligonucleotide primer having a sequence Complementary 

to part of the specific polynucleotide sequence wherein $ 
said primer binds to part of said specific polynucleotide 
sequence not immediately adjacent to the particular 
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, spiels 

polynucleotide Sequence; P rj -«»er bound to the specific 

b) a polymerase enzyme f or extending • ' ' 

primer; extending the oligonucleotide 

c) one nucleotide ' selected fm m 

dATP, dCTP, dGTP, dTTpf dUTP dlTP &?!£ consisting of 
ddGTP-and ddTTP with the nro^iS; ddIT ?' ddATP, ddCTP, 
selected whereby bound prW t^l 8a J d nUc ^°tide is 
including said specific ^ nuol ^ °? Y eKten(3ed U P to and- 
specif icnucleotidl or 

in the specific po^TvnLieot 9t th - Pabular position . 
that the P interve P nfn^e^ Proviso 
or nucleotides complementary tc IntlrW^^ 6 bases 
and which are incorporated in^o th^ J^^ 1 ^ &equence 
incorporation of an • ex ^nded primer cause 

separation element; and lnte?rferin S detectable and/or 

d) a detectable element and /or seDaratinn n ^ 

extended primer has a detl<?tabf^ i\ elei f nt "hereby 
separation element at * element and/or a 

. specific nucleotide or base a°nd C ° m ^^^ to said 
separation element nrS-TJl a de tectable and/or 

oligonucleotide p??mer. Pnally attached to the 

in at : least two difSc particular positions^ 

sequences in material h^v?n« * P % CXfy f. Polynucleotide 
polynucleotide raa seTue^ af different 

present in said material =.„t . p r?- de sequence when 
primers bindYng to c ? rt *, > ^/U^clettide 

L°i ynu wh ^n d %k^/ if t - pS-ir 

polynucleosis 1 e^ence ; """"^ b ° and to t! '° specif ic 

o) at least one nucleotide selected fr-™ 4-k 

consisting of dATP drTP ■ arnZ *n£~ ^ rom the group 

A, S^-S-iiS^.-jSjiS^fSA 
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nucleotide is selected whereby bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence with the proviso that the intervening sequences . 
cannot be ones where bases or nucleotides complementary 
to the intervening sequences and which are incorporated 
into the extended primer (sj cause incorporation of an j 
interfering detectable and/or separation element (s J ; and 

d) at least one detectable element arid/ or separation element ^ 
whereby each extended primer Jias a detectable element 
and /or a separation element at a position complementary 
to said specific nucleotide or base and a detectable 
and /or separation element optionally attached to the 
oligonucleotide primer. 

41. An apparatus for performing the method of any one of 

claims 1 to 8 comprising: r 

a reactor; 

means for adding oligonucleotide primer and reagents for 
extending said primer to said reactor, said means far 
adding being operatively associated with the reactor; 

means for separating extended primer into at least one 
fraction (s) and for holding said fraction (s), said means 
for separating being operatively associated with the 
reactor; and 

a detector for detecting the presence of any extended 
primer (s) in said fraction (s), said detector being* 
operatively associated with said means for separating. 



* 
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42. 



a) 



b) 



c) 



d) 



43. 



a) 



A screening method for detecting the presence of at 'teas*^ 
different specific polynucleotide sequences in material-having a 
plurality of different polynucleotide sequences comprising- * 
exposing said material to at least two different oHgonufc<Teo*ide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different s^ciflc 
polynucleotide sequences wherein each of said primers binds W part 
of one of said different specific polynucleotide sequence* when " 
present in said material each of said oligonucleotide binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide prlmer(s); 

extending said different oligonucleotide primers bound to their ' 
different specific polynucleotide sequences wherein any extended 
pnmer Includes a detectable element and/or a separation "element • 
separating any extended primers Into a fraction wherein sat/ fraction 
does not have detectable element not included Htv said extended ' 
primer(s); and _ 

determining whether any extended primers are present in said fraction 
by assaying said fraction for all of. said extended primers . wherei n 
the presence of any one of said extended primers is Indicative of the 
present of at least one of the different specific polynucleotide 
sequences in said material and the absence of al I of said extended 
primer(s) in said fraction is indicative of the absence of all of the 
different specific polynucleotide sequences 1n said material; 

A screening method for detecting whether the same or different 
specific nucleotides or bases are at particular positions In at least 
two different specific polynucleotide sequences in material' having a 
Plurality of different polynucleotide sequences comprising* 
exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide- primers havfngC a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence when present in said material 
each of said oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to that of the other pfiml^s) and 
wherein each of said primers binds to Its complementary "ipec^ic 
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polynucleotide sequence in said materia) Immediately adjacent to the 
particular position; 

b) extending said different oligonucleotide primers bound to their 
complementary polynucleotide sequences with the proviso that each of 
the bound primers 1s only extended up to and including the particular 
position When said specific nucleotide or base Is at the particular 
position In the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base; 

c) separating any extended pritoer(s) which has extended only up to a 
specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not- Included 
in said extended primer; and 

d) determining whether at least one extended primer is present in said 
fraction by assaying said fraction for all of said extended primers 
wherein the present of an extended primer indicates that at least one 
specific nucleotide or base is at a particular position in a specific 
polynucleotide sequence and the absence of all said extended primers 
in said fraction Indicates that at least one specific nucleotide or 
base Is not at a particular position in any of the different specific 
polynucleotide sequences. 

44. A screening method for detecting whether the same or different 

specific nucleotides or bases are at particular positions in at least 
two different specific polynucleotide sequences in material having a 
plurality of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to its 
complementary polynucleotide sequence not immediately adjacent to the 
particular position whereby there is an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present in said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of . the other primer<s); 

b) extending said different oligonucleotide primers bound to their 
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c) 



d) 



complementary polynucleotide sequences wherein each of the bound 
primers 1s only extended up to and Including the particular position 
when said specific nucleotide or base Is at the particular position 
1n the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the Intervening sequences cannot be ones where bales or 
nucleotides complementary to the intervening sequences and which are 
incorporated Into the extended primer(s) cause incorporation of 
interfering detectable and/or separation element(s)- 
separating any extended primer which has extended only up to a 
specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not Included 
in said extended primers; and 1 
detenninlng whether any extended : pr| ne rs are present 1n said fraction 
by «» y in 9 said fraction for all- of said extended primers wherein 
the presence of an extended primer indicates that at least one 
specific nucleotide or base. 1s at a particular position specific 
o ynuc.eotlde sequence and the absence of any extended primer 
nduates that a specific nucleotide or base 1s not at a particular 
pcsi.ion ,„ any of the different specific polynucleotide sequences 
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